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Abstract of JP5335656 

PURPOSE:To achieve synapse connection with 
a low power consumption and a small number of 
elements by allowing a resistance at a node 
which is connected to the extended part of a 
second floating gate electrode to have a value 
which is larger than the operation resistance 
value of a tunnel connection which feeds charge 
to and obtains it from a third floating gate 
electrode part. 

CONSTITUTIONS high-resistance node 1 11 is 
placed between a MOS-type transistor floating 
gate 107 and a second floating gate 112 and a 
constant amount of charge is injected to the 
second floating gate 1 12 for each pulse which is 
applied to an input gate 109. The charge is slowly 
fed to the floating gate 1 07 of a synapse circuit 
104 via the high-resistance node 1 1 1 . As a result, 
the constant amount of charge can be injected for 
each pulse. The injection of charge to the floating 
gate or the release of charge of a floating gate 
103 can be accurately controlled according to the 
number of pulses and the weight value of 
synapse can be controlled precisely. 
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So 

[005 3] ^ V in iimr*WBL\£l£itLiZbi-Z>. BP 

v out > v in - V T 
bteilzti- Sir, 
v GS = v in -v out <v T 
t*5 0 w©i#, Hi (c) it)WP>*^i 5Icpmo 
SlCttJ; 9 #< OH^dSjjK^t, NMOSIdSE;h,Sm«tt 
Wl'P+Zo tfffcU V GS <V m t45tNMOS(i*j/ r 
3t"7L, Wife < ft S. 

[0 0 5 4] ;!©<}; ?|£LT, CoutlCfctottiS 
ttAatcPMO S K J: 9 JWt U V out ttV in ©£te!c 
jfllSiLx nw oat = v in - v T t/«cofctr5 

[0 0 5 5] Vi n3JS*«tt«K8EftUV out < 

V in -V T iftofct#tCttV GS =V in -V out >V T i 
4-Si4PMOS^OFF^ffilCjfi-d#, NMOS 



Ell (c) it, I N , IpiVcs^P^Sr^LfctW-C 
V i nld-3£ajE^A^$iX-C^5it«, I N 

v GS = v ln - v out = v T 

bt£&. <ftU V T {40i>) 
[0 0 4 9] 
[*3] 



>/js7 Vtn + Vtf 



(4) 



», V oux f4±# LStfV out = V in - V T t ftofc t r 

<5>-e&*>o< 0 

[005 6] fit±© J: 5 \£s c oux <Dft • HtM****** 
HNMOS h7>^^,!:PMOS YyVi?*? 

N = |S piKft LT-^5 t NMO S b PMO S ©SfftiEft 

[0057] rfttttt3mcfc^*#fc<iwr*a. 

0 1 3 ©f£*«T?H\ C out O**fcmi*ni]H:-t*i 
^tlR • C out &t>*Rx • C out -C^*oT*5t), R^R 
x < UtHR9 *»«B*M*/h$ < -rs r t wt-e 
Sftft'ofc. Lrt>L, me>O»0ti[Sr/h*<-f5tm 

LT*:f < *a*©IMW**>ofc. 
[0 0 58] *|6WT?f±h7^^^©/5 N , 0p£±t 

^«-C*>S. /5 N > /3 P ©tt£*#< tott 

*»tiH*«*ttHi (c) kvfemmzffinzmmi)^ 

[0 0 5 9] 
[&4] 



I = (1/2) • 0, 



/ V TN V TP 
( 



(6) 



e>n*©-c v TN t v TP ©ttSria(j^ l< r. t 

[00 60] ^±^fc <t 5 fc, #3B93©l§IISfc J: 9 , 



[006 1] {JLh©!ft§H-CI4, Hi (b) (C^-fNMO 

s©@mv TN , PMOs©L§tMgv TP aK v TN <v TP 
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V TN = 



TP 



V x =0i:1-5fc*<c, 



V TNx v TP , 



[00 6 2] zo-Tixfi, (6) 5t.fc0iH»*a*1?D 

[0 0 6 3] &5^fi. NMOSOSIV w PMOS 
C0L# VMSV TP f4, 

i&jSUrfcJ:^,, rco^g-ii, Eli (d) K^LfcJ; 
5 I n, I P ©»ttl4^S:»fc*v^» V GS I4 
V TP < V GS < 

v in -v TN <v out <v in -v TP (8) 

ror^c v ^-rtifromzts *>o < r. t mft s jeh t * 

orttcftS,, @B&»#±, rraffira^fettt^fr^ft 
■5«H-cs>*itf (7) 5£ra£#£$ffli,Tt>«kv\ rra 

fc^«*iH*©ft<^lilBi9S3l31-et5. 
[0 0 6 4] JfcV TP tV TO Sr V TP <V TN cDBa#Sr 
SSfcLoo, V TP ^V TN i LT-^tUi, (8) 5£-CSc£ 
WVout »i[ro^F?fegttf4+^/h^ < +Z> Z t *St? 

[0 0 6 5] *7t. V T rafifi» (4) &VJ*Z.btlh& 
V TO , V TP , /3 R <Dffi^ilStS:SLT, V T =0it5i 
£ fc Wfil-C&So 0 R =1» V TO =-1V, V 

TP =lV£-rti«, V out =V ln fcft!9, A^ttEi^ 



fi*»*£:btfT t> <fc V* r t t±9 5 * t? t ft V\ 

[0 0 6 6] c©J:5fcK^rixtf, *(-v ln =v out 
tftt), 7n-f^ v^y- y v out teg? 

a-oyi 0 1©1 ocOA^Jiffi-f - 1 0 2 a— (OA^ft-^- 
i:ftScOTfe5„ 

[0 0 6 7] Wcyn-f-fy^y- r 1 o 7©tt&0 
F Ol^*i65„ HI (e) tt*©*fcflt^fc|H]i&B-C 

*>s„ rrtc 0 =c on +c op -e&t), c on , c op tt 

%il%tl7u— 'rjls'fV— \ 1 0 7iNMOS 1 0 

5, pmos i o erosfilrof^iTfct), *-*VEr* 

[ 0 0 6 8 ] #ll&ra«#ralMtMfllBfc*i^Ttt, NM 
OS, PMOS*JdS1ES* 5 ^$tlTj3t), 

fAy-*ratt&, BP*>v out; c«u\ (4) st© 

= 0 F r-fo9, C 0 raW«£j5>;4»S«&gttOift* 0 
o£tJC 0 ra$S!4&B-f 5 5„ C B Ii7n 

—t-j-sw- h 1 1 2 ittffiaAy- ni4 (-era 

ttit£v E t-f-5) trafflra^irc&s. 

[0 0 6 9] 7d-t^^- H^**.e>ttTV^5m 

[0 0 7 0] 
[»5] 



0. 



C a V a +C b V b +C E V E + C 0 V out + % 



C a +C b +C E + C 0 



[0 0 7 1] If©i i -h7Ms' b !7 — ^ 

v^tHu 0>Jx(iV b =v E =0£1-3„ t51"H« 
(9) sCfctJ, 
[0 0 7 2] 
[ft6] 



(9) 



C a V a +C 0 V out + % 

c„ +c. +c F + c n 

[0 0 7 3] 
[«7] 



V 



out 



a a 



C 0 + C K +C, 
a d 



a t v out ©Ba#£|l] i(f) (c^-r o v a 

V a =0£ft5 o BP*), «tao==L-n>iS»^cU V 



(1 0) 



«ffv out tt, 

[0 0 7 4] 
[»8] 
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C a V DD + Of 



Ctot 



( 1 + 



Of 



) «V D 



Ctot . C 8 Vddl 

(1 10 0 7 5] 



2) 

irftO, 1 0 4<Dv'-t7 0 ^[H]BSt ! ^1-5m^wht, 



[»9] 



(ID 



W = 
[0 0 7 6] -flltU, C 



C. 



Ctot 



Qf 



( 1 + 



C b : C E 



8 



liKtr-fSi, c a /c T0T ' =o. 8£fc9, Q F 
= 0T\ w=0. 8 bttZo w©ffi«r3EJE-r3teHt, Q 

1 1 4 it), (te&KSr^LT^n-^-f^^-h l l 

2 Kfll-f-SrFowler-Nordheim Tunnel ing{^i 9 &A-?"5 

1 1 4(cm^S:«cta-t-Sr fcKiflfrJ. 
[0 0 7 7] WjtHWT-aASrfToT. Q F <Oi**V 
mi (f) fc* bfc*K v a =v DD ©t#otti^w 
"«A#Ta*!> (13) *-C*£;h,5W-:/*©aDMa* 
JfeU"*. a»»-> «-?-«r#ffiLTQ F >0tt5twli 

*t<fts« q f = (c b +c E ) v DD ti-*ui 

[0 0 7 8] roitli, V a = 0. Sflhlft&iD-x.— 

[0 0 7 9] 
[*1 0] 



+ C 



C a +C b +C E 



DD 



) 



(13) 



U $oT, fctr<0j:5*«l#^l ! r$^«V>|HlBS-C*) 
HtfQ F ttftfcftt LtfflV^a^t-CfcO, w^O. 8 
Wmomtt^Z ' b lift 5. 
[0 0 8 0] Q F > (C b +C E ) V DD b LtzW&lZ. 
fi, i0fi{ittw=l<D**T-fc'9 x -©V B =0T*OW 

TtT<. wWiMtUl^tt), LHV,=0-? 

[oo8i] rku ■mTZ&A-fzxmco^xwLwi- 

[0 0 8 2] $1\ 9$ 1 (D^mt, V a = V E = 0t 

u v b «Hf- 1 o 9 (cm i (g) \z7fii,itmtt'<A'Xi: 
fwn-rs,, 1 1 2 1 1 1 4©ra{-, mtfi o oAom 

Zv&mtm (s iO z ) #&»e>tirit*&t-t&b. 

V pp l*»2 0 veati-n««tV\ ^/l^ft t<SrR c C 

„ J;t»+»/ht45i5»::SSKtti l l <Dm.in.m.R c Sr 
f-fy^-H l 2©m& (*p ' i**-) ©*#3E 

[0 0 8 3] 
[»11] 



1 



= v t 



<"F " V PP 

C E +C b 

[0 084] 1 0 0 A<DS i O z ^iC/^^.^Di: £: 

^-asfmi i 4ii)7p-T-fy^-n i 2icftA 
^Lfcro^iii (h) -c&5*^ s^xfiWaotiamiz*. 



PP 



(1 4) 



-b©ffi« F ' dST#!K S i 0 2 ^Id^oTl^fe 
[0 0 8 5] Fowler-Nordheim Tunnel ingle J; SttitfE I 
<* V 2 e x p (-b/V) 



-9- 



* t«r A n©SUi!J©l9HI± totJolt 

(An G ) t1"* 5. 

[ 0 0 8 6 ] -BWSEAft, t =RC a Sa©B#Pfl£& 



iif 5 1 1 1 2 CiaASftfcTO* 1 0 7 O^ldffiH 
a*, +£l*IB]!J«ifiUfcftK:tt«p ' =0 F fcft*. 
rOttwOSEfbtt (13) SCiD, 

[008 7] 

1*1 2] 



1 



Q An, 



Aw= - 



(1 5) 



TOT 



v 



*>, «^£;t!fcffi£*5tti*v b =v a =oiu v E 

C@l (h) lCjfcL1Z'<A'Xt:fQlJaLX J &tltit.\i\ Z. 



DD 



1 



q A n 



0 



t*9 
A n 0 ' 



C T0T ' V DD 



©t twOSC-fbtt 1 BO/^^fcStL 
[0 0 8 8] 
[&1 3] 



(1 6) 



(fiuc g =c b ©*&-&) 



- H 1 2 t LTN + sKJ^Day, V E (11 
4) t LTV!) 3V«N + JfctWl*fflV\h,tf»$fl:«* L< 

<DS$**^5r. tic J: t», An=An 0 tUTti 



[0 0 8 9] fUEBO/^l'^EMqlfc, RC a *§&£JLb 
©fl$M©gi§gL SOt^fllw^Vw^SrfnJo-rst^li?) 

(15) (i6) xim^xwzmffimzmtzm' 

t^-ct5. /</v*©&&N P ,£#&;il!fr©:7n-T-< 
^^y- h«^foS:^Q FO t-f 5 1, 

[0 0 9 0] 

[fCl 4] 



C. 



w = 



(l 



Qfo i Np Alio 



o = An 0 ' t Lfc, 
[ 0 0 9 1 ] IH 1 ( i ) \&±X-ft<<1t&%-mt&mWif!f3 

fatC^Lfct©"?*)!^ Wfr<n>Y7W*$ \ 1 5©7 
n-f-<^y-H0 7l; % HI (a) ©^^[Hl 
K t l^«cDJ®S-em^fttASrtf x.3 J: 5 bfc *>©-*?& 

So 

[0 0 9 2] Hft&gfrB l ( j ) ir^-fo 
1 1 1> tii»Sja»Witv ra !jJ3Efl: ltv^s r t 
■5. BP*>, 1 /^^ttlclJI^-S4©m#oaAt L< 

®£©A#£l219. 5V, /^itlilOmsec^ 
£/>VP:* t #^^^OF(5Pgli 10 0msec TfeS,, 

[0 0 9 3] z<d±o\c. *J»ttJ;<«^aASrfTxS 
©«u 7D-f-fy^-H07i7D-r-fy/y 

-Ml 20ffl£ffiffift<a$ft»l 1 1 *Rrtfc|g*-C 

-fi£A-f3„ £©*«&i*»#i8HSSBl 1 lSr^ 

x^vy^-h 1 0 7lC^>o< •) tSftLiAAz-C-^S©-? 



) 



(17) 



CS&b — @©^;wx-c|&?p-t-5©ii x l l 2©S$#©^ 
x*h<o. (i i 2 1 i o 7) ^f^^icffiflj-rsn t 

[00 94] •£©*§*, S*©«ffif 

£&Al-5r. ta"rfEtftofc 0 o* 0 5 » 

C*T, 7n— r-f V^y- r-«©«ft!(r©&A&5W2 
7n-f^ ^^y- r 1 0 3©«ffi©&tt£V>-3;ftV< 
A* © figcic i o r jE*fc*WC f 3 J: 5 K * «K - © 
r t £ £ 9 i/-J-^©JP***««t«»-f S n t #nf 
H&tftofc. 

[0 0 9 5] 1 0 4 © 2 o© v MO S ^H&a^ttc 

t LT\ fcofc2o©MOSSh7y^^lCJ;9-i 

©«iiWb^afifct?tfc©-e*)5. rtucj; o 

[ 0 0 9 6 ] 1 0 4©v'^-7 > ^lHlK©7n-7 1 W 

^y-rfcm^&a-Akixtt, gcwi-5^2©*^ 

[0097] r.*ua, v a , v b mic©ffl;ffi^n^, 
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[0 0 9 8] -#J£ LT\ C a : C b : C E = 8 : 1 : 

-?l4V a =6. 2 5ViU W^Wv't^TttV 
a =0i-TS„ ^tUCttfg^i&l 0 3<Dffi%.(Dh£><D%- 
6. 2 5VW®ft£^;t;ftf44.l>\ v b =V E =0it 
5t70— f-f^^-KDttttt, (10)SCfcDQ 
F = 0fcLT 
*p = (8V./10) 



tfcS©-?, V a =6. 2 5V-CI*, « F = 5Vt/,( 

So ^b^r^SSwffiJEds 5 vro^Tti, 1 o oA© h 

[0 0 9 9] RttfaASffpv't^lCotiJot 
1 OKcd^ 1 0 VO^/u^flJESrfniOi- 

5o BP*>, v b (ci o v<Ds<frx%fiaz.5<D-?hz> 0 r. 

©tftOp ' ©aEft»A0 p ' (4, (1 4). 5£«fc9 
[0 10 0] 
[»1 5] 



1 



A0, 



= V 



pp 



C E + 

btt&. 

[0 10 1] ClC.-CttA0 F ' =5VC&5. foTV 
a =6. 2 5V©*Oxe>^TV>5^7°^t?i4A0 F ' 
= 10V£fttK V a =0 V<D->^7'^-eiiA 0 F ' = 
5Vt £5. O*0V a =6. 2 5 V, V b = 1 0 V 

[0102] et±»*«-T-aAJj:j:!9jna*^***» 

*&fclRMIN::fT*.5. *1**P«tf*flWPS*5^^ 
"CJ4, V a =3. 7 5ViU ZtlSkftOis-f 
v a =iovt-T5 0 ihfcli, flHH* i o 3 ©UrJ&o 

t©©^3. 7 5 VCtfil'^i. ZtlSUktCttl 0 V 
;Ut»i«fcV\, V b = 1 0 V, V E = 1 0 V t 

<t> F = (8Va + 2 0) /l 0 

t450-C, V a =3. 7 5Vtlt * F = 5V, V a 

= 1 0 VCi40 F = 1 o v-cfc«K 

*»5«JEVtt, V a =3. 7 5 V, V a =10 VCDlrtl 

mof^CtLV=5V, V=0Vi:45fc», 10 

o A© h ^^BMtttt-ett h ^yHMttt«Bh/4v\ 

[0 10 3] fttc, Mi#*D§rfif5^^(co/i^o 
TV>5{i#*l 1 1 OlCO^TO^-l 0 VWMT:*«£ 
A*/!/* WlC 0 V t "to C. <D-k<Ds</V* iZX 5 7 D — 
^^^^y-h 1 1 2CO«fe0 F ' o»i* F ' 
14, (14) Si9A* F ' =-5Vt/i5. 

[0 1 0 4] t£oT, V a =3. 7 5V©v't^tli 

ha»f>l 1 4©fliffilCtott2)„ 8oT, Q F (4iE© 
fiT'lt^U W-^OflDfifcaafJQ-fS. Va 
= 1 0 V©->-^7'XT-|4 0 F ' =5VtWfcfthV^ 

[0 10 5] SP^ V a =3. 75V,V b =0V£L 



PP 



[0 10 6] ft±©ttWTfflV^fcra©Rj£ffi*tt-£tf 
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[0 10 7] #»w©W-:/*©ls»fcfli^.&::fcfcJ: 
[0 1 0 8] «*H«#?fiMMS:fi i 5fc«>Ktt» 2 0V 
*Ufcfc»» (10 9) ©ttlWt#J:<* 

[0109] g$g8BR c ©SSt^lcP LTf4&tf> 4. 5 IC 

-fi^y-M 1 2fcttA3ft5l*l«S:rp t 
P iLTte, #lx.f4\ Ell (h) fin (t) =0. 9 

An 0 ttezmmzngt Lxh^\ fcs^tt, 

*A-«$ti (t) #^^gllni*ft©ft*«JC»Lffi|*. 
tfl/10 fc&5B#ISJ£Jg8LT'i>«fcV\ 
[0 110] aAlf|5©7n-x^^yy-h 
l l 2\c&.A£tiit%Mfc, F7^asro7n-f^ 
f^-M 0 7lciftft»tr©fcfi+3li*IWH:, ^SJR 
R c c a ea-e&s^tj, R c c>T P £#5J:5(cr 

r t = (d i/dV) " x (1 8) 

[0111] i t Vi4, Fowler NordheimOOS; 



i =AV 2 e x p (- b/V) 



(1 9) 
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(yj- 1 = ( 2 A V + Ab) exp (-b/V) 



(20) 



0p (t) = 

b/ In [exp {b/0 F 
tS^^Sc C TOT =C E +C b , A, bf4 

(2 0) SC^oSft-C, !6»RfilsK'ttAWi«'»«f-C 
*saj£«-r*>3. *fc0 F (0) 14, v P p©*# £© 



(0) ) +Ab t/C TOT ] (2 1) 

[0 112] 
[fl6] 



(O) = 



PP 



(22) 



So 

[0 113] 



(2 1) ^lC^oT0 F (t) ( = V) 14 

y t ( c E +c b ) « R c 
r T < R c 

[0 115] M®C a >C E +C b t«tJEi-<5ri*s# 
^©-p, (2 4) StSrHfc LT*S;fUf , tSfJ (.2 3) it 

it, WUti 112, 107t Lt, N* # U S/ U => v£ 

t>«fcV\, &SW41 1 2, 1 0 TiSrt^tSg^y 

[0 116] (fB2©Hlt«) 02J4, **W<0»2© 

£©*&«5*#Jfc^L-Cifc5. 
[0117] 201, 202 (4, #|x.i4N + # y $/ V a 
y-CM^^n-T^V^-htfc!), Ell (e) 
©112, 1 0 7 (C^r^tl^L.TV^o 2 0 314P 

0 4Sr^LT«ffi2 0 5 tfSfglj-lbtlT^So 
[0 118] g(l*>, (HI (e) ©1 1 1K*B 

S) «S!)?y->!)3y©il|h7y^^ (TFT) Tfl* 

^ft-cvsw-e&s. h y^ttANFi-ttv c =0 1 

LTC©g^lB©TFT£OFF £A^7& 
{CI4V C =V DD t LTTFTSrONU -f ^-^tcffltfff 
£2 0 1 i«9 2 0 2 -^l&S-tirS ©-?*>£. 1 

S&gftv>fc«>, ^^©M^MriSfflSilcfTx.S * 

[0 119] #|U£tSJf4N + #y »>y a^iPliKJ ~> 

y aytNf*!) '>]) 3 V, J>5l^f4 2 0 1, 2 0 2td 
P^D^UaX 2 0 3ICNSfo5V>ttPS©^y -> 



wmitfct>ic»^i-a*, rHti<bicr T « (20) 

14=14. 0 < t < z p ©Pf PfltCfcl^T 
(2 3) 

[0114] nvh-i&mz-Six 

(24) 

[0 12 0] £fcV a (^©©-^.-D^wtH^j^A* 
W-^BKfc L,T»f^UTV>5tt'bV c =0 
t Lt 2 0 3©*-f yfSrOFFLtWRCNfSt 

9 »#»«£±«f S £ t *s-Cf So 

[0121] (f&3©||J£0)J, »4©HlfiW &(c#38 
91©!g3, H4©3UtWSr-tnmEl3 (a) , 113 

(b) d^-fo 

[0 1 2 2] fgl©HIS09 (01 (a) ) T*i4N^^ 
^;Hi Pf t y^;H© 2 o© v MO S 1 O 5 , 10 

Wi^O^vMOStU M^ii^WMO S h7 

[ 0 1 2 3 ] II 3 ( a ) <DW. 3 ©HJfeW^ NMO S 3 
0 1 ©^SrvMOSi PMOS30 2 

ttii^-©MOS h7^?t4oT^5 t -?r©y-h 
**3 0 3ttfc£;fctf*!lWt*« 0 -e=^hn-/W-f 
S. 0 C =0©tf I4PMOS 3 0 2/bSONL, 
^3 0 4*0Vtcy-fei/ h-f^o *sl-7*m&h LTfli 
***4it»4* e =V DD t1-5„ ftot* c (4V a ill 
cm*Wfl^-ct>J:v\ BP*>, 3 0 3I41 0 3Kg^L 

[0124] S3 (b) ©^4©HJS^JI4 % PMOS3 
0 5©^£vMOSi Lfc^a-fc^LTl^S. :tlb© 
*-^i4. P-we 1 l&SVM4N-we 1 1©/MT* 
®E©ta£#aM«*Kft5£^5;>< y S» h^toW 
So P-we 1 1 tt-Xmm 3 (a) ©#5W\ N-w 
e 1 r*SCT?H:H3 (b) UCI^ 5. o* 

F?V^^301, 3 0 5^©ffM^^TV^Sl7^^ 
©H4?r^tvfliV ss (ov). v DD i^@^-rs©-e(4 
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fc<> V out m*k&mtZZb\c£i!), Yy^s^V 

X%Z><DXhZ> a 
[0125] (fH 5 ©HifiW, 6 roHtt^J) 2Wi#* 

w<?>%5, m6<Dmmm^m4 u) , eh (b) ic* 

ixm^-to 04 (a) <Df&5<DHtfe0imi, flDM<D 
T—PZtcK bttl/^Nf-y^;l'S©vMOS4 0 1 
iSNMOS 4 0 2 t PMOS 4 0 3 KteZliintzMiD® 
SSirfto-CV^o iixt>(02o<Dii^MOS 

TV^o 0 C =0liyir-y h^~K-efct)ffl^«i L 4 0 
4ttiiiCNMOS 4 0 2-Cgifc$K V out =0i4o 

[0126] z.zT*&wcDni&m~e&&tez.tn, p 

MOS403^OFFLtl/^i £:"Cfo9, y-fe-y 

[0127] 13 (a) , (b) <D@KT-i4, vMOS 

3 0 1 0 5ii7o- 7-4^? f— M-^ix^ 

»*L<^^ofc. ^bl-Hll (a) <£>[§]8§-m, Q F 
>0©t#, II (f) -C^-<fcV a =0X-<?>*7±y 

m en x- tete&z ti x v * $ o -? 5 . 
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